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Energy performance labelling and certiﬁcation have been introduced widely to address market failures
affecting the uptake of energy efﬁcient technologies, by providing a signal to support decision making
during contracting processes. The UK has recently introduced the Energy Performance Certiﬁcate (EPC)
as a signal of building energy performance. The aims of this article are: to evaluate how valid EPC’s are
signals of occupier satisfaction with ofﬁce facilities; and to understand whether occupant attitudes
towards environmental issues have affected commercial ofﬁce rental values. This was achieved by
surveying occupant satisfaction with their workplaces holistically using a novel multi-item rating scale
which gathered 204 responses. Responses to this satisfaction scale were matched with the corresponding
EPC and rental value of occupier’s workplaces. The satisfaction scale was found to be both a reliable and
valid measure. The analysis found that EPC asset rating correlates signiﬁcantly with occupant satisfaction
with all facility attributes. Therefore, EPC ratings may be considered valid signals of overall facility
satisfaction within the survey sample. Rental value was found to correlate signiﬁcantly only with facility
aesthetics. No evidence suggests rental value has been affected by occupants' perceptions towards the
environmental impact of facilities.
& 2013 The Authors. Published by Elsevier Ltd. Open access under CC BY license.1. Introduction
This research seeks to understand the strategic potential of a
selection of recent labelling and certiﬁcation programmes in provid-
ing signals of facility quality. In doing so, this study evaluates how
potentially useful these signals are in helping inform prospective
occupiers. By identifying a signal that is indicative of satisfactionLtd.
mail.com (A. Parkinson),
A. Cooke),
Open access under CC BY license.with the performance of an ofﬁce facility, prospective occupants
would be able better to appraise value, allowing price differentia-
tion. The aims of this article are two-fold: to evaluate how valid
Energy Performance Certiﬁcate’s (EPC’s) are as signals of occupier
satisfaction with ofﬁce facilities; and to understand whether occu-
pant attitudes towards environmental issues have affected commer-
cial ofﬁce rental values. By addressing these aims, the strategic
potential of EPC’s in appraising the quality of ofﬁce facilities is
evaluated.
This article presents a survey of ofﬁce occupiers used to explore
and analyse ofﬁce facility satisfaction. It begins by reviewing the
regulatory context of energy performance labelling and certiﬁcation,
comparing studies investigating the impact of such schemes on the
UK and US markets. Research hypotheses for the study are explai-
ned within a methodology section; this section also describes the
development of a survey, which includes a social construct of
occupant facility satisfaction. This is followed by a detailed analysis
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reliability and validity, and the construct’s relationship with Energy
Performance Certiﬁcates. The article concludes by evaluating the
hypotheses in light of the ﬁndings of this research and by making
recommendations to prospective occupiers and landlords of ofﬁce
facilities.3 A notable exception to this type of performance labelling and certiﬁcation for
commercial property is the NABERS rating scheme in Australia, which also includes
measures of the performance of workplace occupants and facilities management.
4 (United Nations Framework Convention On Climate Change, 2011).2. The regulatory context
During the leasing of commercial ofﬁces there are distinct
challenges for prospective occupiers to gather the necessary
information in an understandable form so that they can make an
appropriate commercial offer. In order to address these challenges
many governments have introduced energy performance labelling
and certiﬁcation, which provide a signal to buyers to assist with
appraising the quality of property. This section provides a brief
review of the introduction of these programmes to the UK and
USA, and evaluates their measured impact.
2.1. Addressing adverse selection in the contracting process
There is consistent historical evidence of investments in energy
efﬁciency providing very high rates of return compared with the
economy-wide average cost of capital and yet are not widely
adopted (Hartman and Doane, 1986; Hausman, 1979; Sioshansi,
1991). This has led researchers to examine market failures in the
adoption of energy efﬁciency measures. The argument to support
their existence is underpinned by the work of Coase, who
demonstrated that market failures disappear if decisions are taken
with an understanding that transactions were costless (Coase,
1960). His paper leaves open the potential for political interven-
tion to mitigate barriers to energy efﬁciency, when the cost of
administration and enforcement is less than the associated
beneﬁts.
The leasing of commercial ofﬁce space to businesses represents
an interesting case where there is a signiﬁcant potential for
appropriate signalling in a sector of the real estate market with
comparatively weak ties between occupant and landlord or
building. Quan and Quigley identiﬁed that the process of contract-
ing in the real estate industry is best described as an uncoopera-
tive bargaining approach between buyers and sellers (Quan and
Quigley, 1991). It has been typical for property owners seeking to
lease ofﬁce space to employ a property agent or broker, who is
incentivised to obtain the highest rental value possible by receiv-
ing a percentage of the agreed price. In such a situation, the
prospective tenant is typically faced with a principal-agent pro-
blem, in which they cannot determine whether property agents
are working in their best interest. Where an agent may be less
than transparent, information asymmetry occurs, where the agent
has the beneﬁt of more information about the quality of the
building than the prospective occupier (Yavas, 2007). Such condi-
tions are similar to those described by Ackerlof, who demonstrated
how they can lead to widespread adverse selection, where the
buyer makes an inappropriate appraisal of the quality of the
facility. Adverse selection arising from the contracting process
would likely reduce the size of the market and the average quality
of ofﬁce facilities, as it incentivises sellers to market poor quality
property (Ackerlof, 1970). A measure that many governments have
taken to address this is to introduce energy performance labelling
and certiﬁcation.
In general energy performance labelling and certiﬁcation are
intended to provide signals to the market of the quality of real
assets. This is also the case when applied to ofﬁce markets, where
the most widespread schemes are a performance measure of
the facility itself, rather than the performance of its location oroccupants.3 To evaluate these initiatives, it is necessary to deter-
mine whether they are a useful tool in overcoming adverse
selection by providing a valid signal to markets of the facilities
performance compared with alternatives (Dasgupta, 2001).2.2. Energy performance certiﬁcates in the UK
On the 16th December 2002 the European Parliament and
Council passed Directive 2002/91/EC on the energy performance
of buildings (EPBD). This Directive sought to promote improved
energy performance throughout the European Community (EU).
The motivation for this legislation was partly as a response to the
obligations placed on the EU as signatories to the Kyoto Protocol.4
EPBD stipulated a general framework for a methodology for
calculating the energy performance of buildings. Member States
were required to produce their own national calculation method,
but a minimum speciﬁcation for this was imposed by the Direc-
tive. Under the EPBD all Member States were required to ensure
that every building sold, constructed, or rented out was provided
with an EPC. When issuing these certiﬁcates, recommendations on
cost effective improvements should have been made (The
European Parliament and the Council of the European Union,
2003).
On the 29th March 2007 the Energy Performance of Buildings
(Certiﬁcates and Inspections) (England and Wales) Regulations
2007 was given royal assent. The main purpose of these regula-
tions was to implement Directive 2002/91/EC. In doing so, the UK
government sought to encourage owners and tenants to choose
energy efﬁcient buildings when seeking accommodation and
improve the performance of buildings they occupy (UK Parliament,
2007). All energy performance certiﬁcates issued in compliance with
this act should express an asset rating deﬁned by the Secretary of
State (Sweetenham, 2007). A Departmental Notice stipulated that an
EPC Asset Rating of a non-domestic dwelling in the UK is an
indicator of the calculated annual CO2 emissions associated with
space heating, water heating, ventilation, air-conditioning and light-
ing in average circumstances. The Asset Rating should be displayed
on energy performance certiﬁcates as a graphic banding system
ranging from A+ to G (Department for Communities and Local
Government, 2008).
Directive 2002/91/EC was recast on the 19th May 2010 as
Directive 2010/31/EU of the European Parliament and of the
Council. The recasting was a response to the European Council of
March 2007, which emphasised the need for energy efﬁciency in
order to move towards its goal of reducing the European Union’s
energy consumption by 20% by 2020 (The European Parliament
and the Council of the European Union, 2010).
In 2012, the Energy Performance of Buildings Regulations was
amended. Of signiﬁcance to the non-domestic sector, the amend-
ment stipulates open access to the national Energy Performance
Certiﬁcate register, and requires that EPC’s should be provided to
prospective buyers and tenants as early as possible when a request
has been made in writing or a viewing of a property arranged (UK
Parliament, 2012).
The effects of introducing EPC’s to the UK ofﬁce market were
examined by Fuerst and McAllister using econometric models. The
study compared the market value, equivalent yield, and rental
value of 226 ofﬁce facilities using hedonic regression. The study
found no evidence that EPC’s have had any inﬂuence on observed
prices (Fuerst and McAllister, 2011a).
Table 1
A review of evidence of multiple premiums for ofﬁces endorsed by the Energy Star label.
Study Attribute data Premium (%) (sample size)
Transaction Asking rent
Wiley et al. (2008) CoStars 7–9 (?)
Miller et al. (2008) CoStars 6–11 (7 308)
Fuerst and McAllister (2011b) CoStars 26 (1282) 4 (1282)
Fuerst and McAllister (2011c) CoStars 18 (2111) 3–5 (2111)
Eichholtz et al. (2010) CoStars 15.8–16.8 (1074) 3.3 (1074)
Pivo and Fisher (2010) National Council of Real Estate Investment Fiduciaries 8.5 (1 199) 2.7 (1 199)
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The US Environmental Protection Agency introduced the Energy
Star programme in 1992 as a voluntary labelling programme
designed to identify and promote energy efﬁcient products. Initially
these labels were applied to computers and monitors. Since 1995
Energy Star labelling has expanded to label major appliances, ofﬁce
equipment, lighting, home electronics, new homes, and commercial
and industrial buildings (US Environmental Protection Agency, US
Department of Energy, 2011). The label provides a benchmark that
indicates when a buildings energy performance is equivalent to the
top 25% of comparable buildings (Eichholtz et al., 2009).
The existing statistical evidence for transaction and rental
premiums derived from the energy performance labelling and
certiﬁcation of Energy Star labelled ofﬁces was reviewed by
Parkinson and Cooke in 2011, in an investigation into an emerging
consensus in price comparison studies. The study reviewed a
number of publications using hedonic regression to compare rents
and transaction prices of US ofﬁces. Since this study was pub-
lished, new evidence has emerged in this area. Table 1 provides an
updated summary of existing research using these techniques.
Parkinson and Cooke assert that such ﬁndings suggest that
property investors attribute a low risk premium for more energy
efﬁcient commercial ofﬁce space in the USA. They also conclude
that such evidence may suggest a shift in the attitudes of both
tenants and investors with respect to environmental issues
(Parkinson and Cooke, 2011).
Eichholtz et al. took an alternative approach to studying the
effects of Energy Star labelled property on the performance of US
Real Estate Investment Trusts using regression. They reported that
a 1% increase in a portfolio’s share of Energy Star certiﬁed property
returned a 0.31% increase in return on assets, and a 0.66% increase
in return on equity. The ﬁndings suggested that beneﬁts in
‘greening’ property portfolios outweighed the costs (Eichholtz
et al., 2012).3. Methodology
The purpose of this study is to understand the strategic
signiﬁcance of the information provided by EPC’s in order to
evaluate their usefulness to prospective occupiers of ofﬁce facil-
ities. This study proposed a theoretical framework that EPC’s are a
measure of a facility’s service performance, that occupant satisfac-
tion is a measure of a facility’s quality, and that rental value
reﬂects occupants' purchase intentions.
In order to validate the theoretical framework, it was necessary
to study occupant satisfaction with workplaces through a wide-
spread analytical survey, and compare the responses to the facilities
EPC asset ratings and rental value.
This section sets out the research hypotheses evaluated by the
study, before reviewing previous studies of consumer satisfactionand methods to construct multi-item rating scales. Further, an
explanation is given as to how the survey was developed.
3.1. Research hypotheses
The following hypotheses needed to be conﬁrmed to indicate
an efﬁcient market:
Hypothesis 1. EPC asset ratings, as a measure of service perfor-
mance, are associated with occupant satisfaction with energy
performance.
Hypothesis 2. Rental value is associated with all aspects of facility
satisfaction.
The following hypothesis needs to be conﬁrmed to indicate that
occupant attitudes towards environmental concerns have affected
their purchase intentions:
Hypothesis 3. Rental value is associated with occupant attitudes
towards their facility’s environmental performance label, or opera-
tional environmental impact.
3.2. Previous studies measuring satisfaction
There is a developing understanding that occupants are the
true end-users of buildings, and therefore should be treated as
customers by those that provide the facilities they occupy (Szigeti
et al., 1997).
An inﬂuential conceptual model of service quality has been
developed by Parasuraman et al. through an exploratory study
involving in-depth interviews and a set of consumer focus groups.
The conceptual model developed a theory that perceived service
quality can be determined through a function of two measures:
customer expectations of a service; and customer perceived service
performance (Parasuraman et al., 1985). This research formed the
basis of the SERVQUAL item scale, introduced by Parasuraman et al.
to measure service quality, for which 200 responses were gathered.
The internal consistency of the scale was measured using Cron-
bach’s alpha and ranged from 0.72 to 0.87 across 5 dimensions, with
an overall reliability of 0.87–0.9. Cronbach’s alpha coefﬁcients have
a scale between 0 and 1, higher scores indicating greater reliability.
Each dimension had low inter-correlations (Parasuraman et al.,
1988).
A study by Pinder took a SERVQUAL approach, measuring
service quality in the workplace by weighting a social construct
measuring occupant perceptions of performance against a con-
struct measuring occupant expectations. The item scale considered
the effects of the indoor environment, functionality, aesthetic
appearance, and conﬁguration on workplace satisfaction. The result-
ing framework was demonstrated to be a highly reliable measure,
with a Cronbach’s Alpha of 0.93, achieved through replacing missing
data with the calculated mean of the corresponding items (Pinder
et al., 2003).
Table 2
The 11 item satisfaction scale of workplace attributes used for Constructs A & B.
Principle supporting literature Item/workplace attribute
Parkinson and Cooke (2011) Energy performance, as deﬁned by label or certiﬁcate
Parkinson and Cooke (2011) Property environmental performance, as deﬁned by label or certiﬁcate (e.g. BREEAM, LEED)
Department of energy and climate change (2010) Operational environmental impact
DiPascquale and Wheaton (1996) Running costs (including rent, service charge, and energy costs)
Pinder et al. (2003) Conﬁguration (including space requirements and adaptability)
Pinder et al. (2003) Indoor environment (including comfort, acoustics, air & lighting quality and control)
Pinder et al. (2003) Aesthetic appearance (including cultural signiﬁcance)
Bordass et al. (2001) Occupant understanding of how the building operates
Bordass et al. (2001) Property managers understand workplace sustainability needs
Pinder et al. (2003) Functionality (including level of distraction, privacy, storage space, security and IT provision)
DiPascquale and Wheaton (1996) Location (including proximity to public transport, accessibility, retail, other businesses, and outdoor space)
5 The terms ‘workplace attribute’ and ‘item’ are used interchangeably in
this paper.
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theoretical and empirical support. Research was conducted into
whether SERVQUAL was a more valid measure of service quality
than simple performance measures (SERVPERF). The study gath-
ered 660 complete questionnaires from a random sample of
residents on the service quality provided by four industries:
banking; pest control; dry cleaning; and fast food. The study
ﬁndings suggest that service quality should be conceptualised
and measured as an attitude, and that a performance only
(SERVPERF) measures describe variations in service quality better
than SERVQUAL approaches. The study asserts that SERVQUAL
measures are ﬂawed as: they are based upon a satisfaction
paradigm rather than an attitudinal model; SERVQUAL models
are not shown to be empirically valid in all industries. The study
provides empirical support to suggest that perceived service
quality leads to satisfaction, and that satisfaction has a more
strongly signiﬁcant effect than service quality on purchase inten-
tions. Thus, an emphasis on total customer satisfaction exerts
stronger inﬂuence on purchases than service quality (Cronin and
Taylor, 1992).
Lee took a SERVQUAL approach to intensively measure work-
place satisfaction in four ofﬁce buildings in South Korea occupied
by three different organisations. The survey yielded 409 responses,
of which 384 were analysed. The study principally attempted to
afﬁrm the following hypotheses: SERVQUAL measures were stron-
ger predictors of workplace satisfaction than SERVPERF measures,
rejected by the study; occupant satisfaction with the physical
workplace environment is positively associated with job satisfac-
tion, supported by the study (Lee, 2006).
3.3. Constructing multi-item rating scales
It was determined that a means of fulﬁlling the research
objective would be to conduct an extensive attitudinal survey
including multi-item measurement scales and compare with other
statistical measures of workplace performance provided by data-
bases. Rensis Likert has been attributed with establishing multi-
item rating scales, who described the techniques as a method for
measuring attitudes (Likert, 1932). Since, multi-item rating scales
have been used to measure hundreds of variables (Spector, 1992).
Each observed score on a multi-item rating scale consists of the
true score, and random error. Errors, by being random, are
assumed to be from a population with a mean of 0. Therefore,
with multiple observations, errors in measurement are assumed to
average approximately 0. Error of measurement is inversely
related to reliability, and one way of increasing reliability is to
increase the number of items. Achieving reliability means that the
error in observations has averaged out so that the results are
reﬂective of the true score (Spector, 1992). A measure of a multi-
item scales reliability, or internal consistency, is the Cronbach’s
alpha coefﬁcient. This coefﬁcient measures reliability on a scale of0–1, with scores of greater magnitude indicating better reliability
(Cronbach, 1951).
Bias is a further consideration of multi-item rating scales which
comprise of systematic inﬂuences on observed scores, which are
not random and do not come from distributions with means of 0.
Biases are not completely eliminated, and not all sources of bias
are presently known. Validation is the appropriate process in
demonstrating that a scale measures what it was intended, rather
than bias. There are three approaches to establishing validity of a
social construct (Spector, 1992): Criterion-related validity, which involved the testing of hypoth-
eses related to how items will correlate with other variables. Discriminant or convergent validity, which involves studying
the comparative strengths or patterns of relations amongst
several variables between item scales seeking to measure
similar phenomena. Exploratory factor analysis.
To compile norms, descriptive statistics should be compiled
across all respondents. Analyses are made to determine differences
in the distributions of responses to the item-scale between sub-
populations deﬁned by the descriptive data. Norms that can be
developed over as diverse groups as possible are most widely
signiﬁcant (Spector, 1992).
3.4. Research design
The domain of construct for this research is occupant percep-
tions of workplace quality. A theoretical framework consisting of
11 workplaces attributes as items was selected through a literature
review.5 It includes four items that were included in a highly
reliable construct developed by Pinder of ofﬁce facility utility
(Pinder et al., 2003). However, through the literature review it
was identiﬁed that occupant perception towards consumption
within their ofﬁce facility may be equally as signiﬁcant as utility
(Dasgupta, 2001). Therefore, a novel scale was developed includ-
ing new items to capturing this broader perspective.
Table 2 describes the item scale, along with details of the
principal sources that supported item selection. This item scale
considers a broader selection of workplace attributes than
reviewed studies.
The items were originally qualiﬁed both in terms of occupant
satisfaction (Construct A) and perceived importance (Construct B)
by occupants on 7 point Likert scales, in accordance with SERV-
PERF methods. This theory was supported by Cronin and Taylor,
who explored the possibility that the customer satisfaction of a
Table 3
Survey promotion.
Supporting partner Promotion
LessEN  Email to 1500 members
 Calls to approximately 70 members
 Multiple tweets to just over 1000 followers on Twitter
 Messages to 207 members through Linked In
Urban Land Institute (ULI)  Email to 453 members
 Calls to approximately 50 members
Modern Built Environment Knowledge Transfer Network (MBEKTN)  Posted survey on author’s blog which gained 188 views
UK Green Building Council  Email to 2500 members
 Post on LinkedIn group page with 650 followers
 Tweeted to 10,000 followers on Twitter
2 degrees network  Hosted message on website
 Sent an email to 4200 members
Planet positive  Email to 5000 contacts
EcoConnect  Posted survey advertisement on LinkedIn group
 Emailed 1400 members
Better buildings partnership  Email to 20 members with request to forward to contacts
British Institute of Facilities Management (BIFM)  Sent to 10,644 members
Cambridge Programme for Sustainability Leadership (CPSL)  Posted survey on Linked In group page with 268 members
The low carbon workplace  Email to 750–850 members
Open city network  Included in a monthly newsletter sent to over 6000 subscribers
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perceived importance and performance of a service, or simply its
performance only (Cronin and Taylor, 1992). Therefore, the ques-
tion wording for Construct A was “How satisﬁed are you with the
following attributes of your current workplace?”, and Construct B
“How important are the following attributes of a workplace to
you?” These constructs could then be checked for internal con-
sistency and compared with objective measures of workplace
performance, such as EPC asset ratings and rent for validation.
The satisfaction scale was included in a survey with very few
compulsory questions, required only for the survey logic to be carried
out appropriately online. It was promoted by the authors to attract as
many responses as possible, with little consideration as to how to
obtain a representative sample other than to include qualifying
questions in the survey to develop norms, and make comparisons
to national statistics. The survey was pilot tested through 10 inter-
views of workplace occupants and further reﬁned before being
hosted by SurveyMonkeys6 from the 21st November 2011 to 23rd
April 2012. Promotion of the survey was conducted principally
through social media, Table 3 explains in detail how the survey
was marketed. Respondents were encouraged to leave their answers
to responses blank if they did not know how to answer a question.
Preliminary data downloaded on the 17th January 2012 was
used to reﬁne the survey measures. In total the survey attracted 96
responses to this date. The preliminary internal consistency of the
two rating scales was determined by calculating Cronbach’s alpha
coefﬁcients from the survey results using R code.7 As alpha
coefﬁcients are not robust when used to assess incomplete data,6 Surveymonkey (2012).
7 Wessa (2010).all incomplete records were omitted from the test sample, resulting
in 31 records being tested. The tests found alpha coefﬁcients of 0.93
for Construct A, and 0.59 for Construct B. Each item of Construct A
returned a Cronbach’s alpha above 0.92, which indicates that factor
analysis was unlikely to improve reliability (Parkinson et al., 2012).
Gliem and Gliem assert that such Alpha coefﬁcients exhibited by
Construct A are indicative of “excellent” reliability. The results of
Construct B were evidently questionable (Gliem and Gliem, 2003).
Based upon this preliminary analysis, and Cronin and Taylor’s
assertions that introducing measures of service importance are
not helpful in measuring service quality, Construct B was removed
from the questionnaire and its use not continued.
Data gathered from the survey has been supplemented by
further information obtained from databases. This included: The most recent rental value of the respondent’s workplace
before 22 November 2011, obtained from CoStars. The most recent Energy Performance Certiﬁcate Asset Rating
lodged before 22nd April 2012 from the Non-Domestic Energy
Performance Register (Landmark information group, 2012).
4. Results and discussion
The objectives of the analysis were to check the multi-item
satisfaction scale for internal consistency and validity, develop
norms, and determine whether the data collected supports the
hypotheses stated in Section 3.1.
4.1. Representativeness of sample
On the 23rd April 2012 a total of 204 responses from private
sector occupants were downloaded and analysed, providing their
A. Parkinson et al. / Energy Policy 62 (2013) 1493–15051498perspective of the quality of over 111 different ofﬁces. Table 4
provides a description of the size of respondent ofﬁces by number
of occupants. It shows how a broad range of facility sizes have
been captured by the survey.
In order to determine broadly how representative the survey
sample is nationally, data collected in the survey has been com-
pared with information provided by the Ofﬁce for National Statistics
(ONS) (Department for business innovation & skills, 2010).
Table 5 compares the size of the respondent’s organisations with
those of the private sector, and UK as a whole. For the purposes of this
analysis, the most pertinent comparison is with the private sector
population, as this reﬂects almost the entire survey sample. This data
reveals how ‘micro’ sized organisations have been under represented.
Using the same data, comparisons can be made between
private industry sectors represented in the sample and the UK,
this information is shown in Table 6. This data shows that the real
estate sector and professional services sector may have been over
represented in the sample, whilst the retail and manufacturing
sectors may have been under represented.
The information provided by the ONS can also be compared
with the survey results to show how representative the geographic
distribution of the responses to the survey is compared with the
national working population. Table 7 provides a summary of this
analysis, showing a much larger representation of workers within
London (within the M25) in the survey data than has been
recorded by ONS.Table 4
Size of survey respondent’s ofﬁce facilities by number of occupants.
Ofﬁce size 0–9 10–49 50–249 250–499 500+
Number of responses 10 36 22 11 16
Table 5
Comparison between organisation sizes represented in sample and national work-
ing population (categorisation as deﬁned by ONS).
Population Number of employees
Micro
(0–9)
Small
(10–49)
Medium
(50–249)
Large
(4250)
UK (%) 19.6 17.7 14.2 48.5
Private sector (%) 32.2 15.0 12.0 40.9
Survey (%) 9.0 11.0 19.0 61.0
Table 6
Comparison between industry sectors represented in sample and national working pop
Industry sector
Agriculture, forestry and ﬁshing
Mining and quarrying; electricity, gas and air conditioning supply; water supply; sew
Waste management and remediation activities
Manufacturing
Construction
Wholesale and retail trade; repair of motor vehicles and motorcycles
Transportation and storage
Accommodation and food service activities
Information and communication
Financial and insurance activities
Real estate activities
Professional, scientiﬁc and technical activities
Administrative and support service activities
Education
Human health and social work activities
Arts, entertainment and recreation
Other service activitiesHowever, this analysis of how representative the survey data
set is could well be confounded, as the National Statistics provide
information on the working population and not the population
working in ofﬁces. Therefore, it may be the case this data might not
provide a rigorous comparison. However, better quality informa-
tion is challenging to obtain.
4.2. Exploratory data analysis
A box and whisker plot of the responses to the multi-item
satisfaction scale is provided in Fig. 1. The results show that the
sample of occupiers were mostly highly satisﬁed with their
workplace location, with the interquartile range of this item
between 5 and 7, and a median of 6 on the 7 point Likert scale.
However, the median satisfaction with all other attributes of their
workplace was no higher than 4, the mid-point. This indicates
that, within this sample, those who make decisions to lease
workplaces are more adept in locating their workforce in occupy-
ing highly satisfactory locations, rather than occupying high
quality facilities. It may also indicate that providing high quality
facilities is more challenging for organisations, incurring greater
transaction costs on them, than addressing location satisfaction.
4.3. Internal consistency
The internal consistency of the satisfaction rating scale was
determined by calculating Cronbach’s alpha coefﬁcients from the
survey results using SPSS (IBM, 2011). All incomplete records wereulation.
National (%) Survey (%)
2
erage, 1 1
12 5
9 7
21 2
6 2
8
5 9
5 5
2 28
9 30
7 6
2 5
6 1
3
3
Table 7
Comparison between regions represented in survey sample and national working
population.
Location National (%) Survey (%)
North east 3 2
North west 9 5
Yorkshire and the Humber 8 0
East midlands 7 1
West midlands 8 3
East of England 11 1
London 18 78
South east 15 3
South west 8 6
Wales 3 0
Scotland 7 1
Northern Ireland 2 0
Fig. 1. Respondents satisfaction with their workplace. (A box and whisker plot of all responses. A response of 1¼not at all satisﬁed, a response of 7¼entirely satisﬁed. The
grey box indicates the interquartile range of responses. The vertical thick black line indicates the median response. The thin grey horizontal lines represent the full range of
responses. Items are as deﬁned in Table 2.)
8 Note, in interpreting Table 9 that responses to EPC’s were scaled from 1¼A+
to 8¼G. Therefore, a negative correlation coefﬁcient indicates a direct relationship.
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The tests, shown in Table 8, found an overall alpha coefﬁcient of
0.916 for the satisfaction rating scale, with each item of returning a
Cronbach’s Alpha above 0.9. Gliem and Gliem assert that such
alpha coefﬁcients indicate that the satisfaction construct had
“excellent” reliability as it was higher than 0.9 (Gliem and Gliem,
2003). It contends with the framework developed by Pinder, with
an Alpha coefﬁcient of 0.93 (Pinder et al., 2003).
4.4. Criterion related validity
In order to validate the three hypotheses proposed the sig-
niﬁcance of Spearman rank correlations were determined between
the items of the workplace occupant satisfaction scale, EPC asset
rating, and rental value using SPSS (IBM, 2011). Using this analysis,
the two-tailed probability of null hypotheses was determined.
Table 8 shows the strength and signiﬁcance of associationsbetween the items of the satisfaction scale, as deﬁned in Table 2,
and EPC asset rating.8 It shows a two-tailed probability of less than
5% that associations between all items of the satisfaction scale
other than location are insigniﬁcant. This suggests that EPC asset
ratings have been good indicators of workplace satisfaction, except
for location satisfaction.
Table 9 also shows the strength and signiﬁcance of associations
between the items of the satisfaction scale and rental value. The
analysis found a two-tailed probability of less than 3% that
associations between the aesthetic appearance of workplaces
and rent are insigniﬁcant only. This suggests that many aspects
of occupant satisfaction have had very little association with the
rental value of workplaces.
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associations between the items of the satisfaction scale and
respondent age was determined also by calculating Spearman
rank correlations. No signiﬁcant associations were found.
4.5. Exploratory factor analysis
Costello and Osborne write about best practice in exploratory
factor analysis, and their discussion has served as the principle
guide to the analysis described here (Costello and Osborne, 2005).
Factor analysis, rather than principal component analysis, has
been employed in this study, as principal component analysis does
not discriminate between shared and unique variance. It has been
assumed that the data is not normally distributed. Therefore,
‘principal axis’ factor extraction has been deemed more appro-
priate method than ‘maximum likelihood’ factor extraction. By
examining a scree plot of factor eigenvalues shown in Fig. 2, it was
determined that two factors were above the natural ‘break’ in the
plot before the curve ﬂattened out. Therefore, two factors were
extracted. An explanation of the total variance described by each
factor is shown in Table 10. A ‘Factor Matrix’, showing item
loadings on each factor prior to rotation is shown in Table 11.
In accordance with Costello and Osborne’s recommendations,
oblique rotation has been used rather than orthogonal rotation
because it provides more valuable information, is more accurate,
and more reproducible (Costello and Osborne, 2005). PromaxTable 8
Reliability of multi-item rating scale measuring respondent workplace satisfaction.
Item Cronbach’s Alpha
Coefﬁcient (n=80)
Energy performance, as deﬁned by label or
certiﬁcate
0.907
Property environmental performance, as deﬁned
by label or certiﬁcate
0.909
Operational environmental impact 0.906
Running costs 0.911
Conﬁguration 0.906
Indoor environment 0.904
Aesthetic appearance 0.906
Occupant understanding of how the building
operates
0.905
Property managers understand workplace
sustainability needs
0.906
Functionality 0.905
Location 0.929
ALL ITEMS 0.916
n=number of observations.
Table 9
Spearman rank correlations between multi-item scale measuring occupant satisfaction
Item EPC ass
n
Energy performance, as deﬁned by label or certiﬁcate 54
Property environmental performance, as deﬁned by label or certiﬁcate 45
Operational environmental impact. 57
Running costs 53
Conﬁguration 62
Indoor environment 62
Aesthetic appearance 60
Occupant understanding of how the building operates 57
Property managers understand workplace sustainability needs 58
Functionality. 60
Location 61
n=number of observations; ρ= Spearman rank correlation coefﬁcient; *=o0.05% two
***=o0.001% chance of a null hypothesis.oblique rotation with Kaiser Normalisation was carried out in
SPSS using a Kappa value of 4. The resulting pattern matrix, shown
in Table 10, was then examined to determine how each item
loaded onto the two factors after rotation. It is apparent from these
results that the items loaded more strongly after rotation.
Costello and Osborne also outline a number of tests to deter-
mine the strength of data used for analysis:with
et r
-tailUniformly high commonalities without cross loadings, ideally
0.8 or greater (the paper admits that such a requirement is in
most cases unrealistic). If an item has a communality of less
than 0.4 it may not be related to other items, or suggests an
additional factor should be explored. Items communalities are considered ‘high’ if they are all 0.8 or
greater. 0.32 is a good rule of thumb for the minimum loading of an
item. A ‘cross-loading’ item loads at 0.32 or higher on two or
more factors. Cross-loading factors may be dropped from the
analysis, which may be a good choice if there are several
adequate strong loaders on each factor. If there are several
cross-loading items the scale may be poorly written, or the a
priori factor structure could be ﬂawed. A factor with fewer than three items is generally weak or
unstable, 5 or more strongly loading items (of 0.5 or better) is
desirable, and indicates a solid factor.their workplace and EPC Asset Rating, Rent, and Respondent Age.
ating Rental value Respondent date of birth
ρ n ρ n ρ
−0.447*** 48 0.034 73 0.052
−0.496*** 39 0.037 59 −0.01
−0.491*** 49 0.052 82 −0.005
−0.558*** 49 −0.246 77 −0.031
−0.372** 57 0.199 90 −0.103
−0.323* 59 0.159 92 −0.114
−0.276* 56 0.032* 89 −0.19
−0.335* 55 0.088 83 −0.047
−0.375** 52 −0.005 78 −0.012
−0.269* 57 0.237 90 −0.132
0.001 55 0.031 90 −0.015
ed probability of a null hypothesis; **=o0.01% chance of a null hypothesis;
Fig. 2. Scree plot of multiple item rating scale factor eigenvalues.
Table 10
Explanation of total variance using principal axis factoring.
Factor Initial Eigenvalue Extraction sums of squared loadings Rotation sums of squared loadings
Total % of Variance Cumulative % Total % of Variance Cumulative % Total
1 6.191 56.284 56.284 5.867 53.337 53.337 5.216
2 1.440 13.093 69.377 1.079 9.813 63.150 4.918
3 0.788 7.165 76.541
4 0.676 6.149 82.690
5 0.534 4.858 87.548
6 0.352 3.203 90.751
7 0.288 2.619 93.370
8 0.249 2.268 95.637
9 0.205 1.866 97.503
10 0.162 1.473 98.976
11 0.113 1.024 100
Table 11
Communalities and results of oblique rotation of rating scale.
Item Communalities Factor matrix Pattern matrix Structure matrix
Initial Extraction Factor 1 Factor 2 Factor 1 Factor 2 Factor 1 Factor 2
Energy performance, as deﬁned by label or certiﬁcate 0.801 0.786 0.776 −0.428 0.980F1 −0.150F1 0.880 0.505
Property environmental performance, as deﬁned by label or certiﬁcate 0.759 0.691 0.730 −0.398 0.915F1 −0.135F1 0.825 −0.477
Operational environmental impact 0.716 0.762 0.794 −0.363 0.912F1 0.060F1 0.872 0.549
Running costs 0.569 0.493 0.664 −0.228 0.672F1 0.044F1 0.701 0.493
Conﬁguration 0.652 0.620 0.762 0.198 0.218F2 0.625F2 0.635 0.771
Indoor environment 0.709 0.715 0.795 0.288 0.129F2 0.754F2 0.632 0.840
Aesthetic appearance 0.695 0.707 0.761 0.357 0.025F2 0.824F2 0.576 0.841
Occupant understanding of how the building operates 0.694 0.602 0.775 0.042 0.413FX 0.437FX 0.705 0.713
Property managers understand workplace sustainability needs 0.653 0.591 0.765 −0.073 0.546F1 0.289F1 0.738 0.653
Functionality 0.726 0.813 0.782 0.450 −0.073F2 0.949F2 0.561 0.9
Location 0.220a 0.166a 0.267 0.308 −0.211F2 0.517F2 0.134 0.376
F1=Factor 1; F2=Factor 2; FX=Cross loading.
Table 12
Summary matrix showing rotated loadings on each factor of the multiple item rating scale.
Factor Item Workplace costs Workplace utility
Facility consumption Energy performance, as deﬁned by label or certiﬁcate 0.980 0.150
Environmental performance, as deﬁned by label or certiﬁcate 0.915 0.135
Operational environmental impact 0.912 0.060
Running costs 0.672 0.044
Property managers understand workplace sustainability needs 0.546 0.289
Facility utility Conﬁguration 0.218 0.625
Indoor environment 0.129 0.754
Aesthetic appearance 0.025 0.824
Functionality 0.073 0.949
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the items in the satisfaction scale returned communalities on
extraction between 0.49 and 0.81, which indicates that they are
related to other items. However, the ‘location’ item is an exception
with communality on extraction of 0.166. Therefore, in interpreting
this analysis no inferences should be made from the character of the
location item presented here. In future work an additional factor for
location should be developed consisting of at least 4 items.
By examining the pattern matrix of the oblique rotation, shown
in Table 10, it can be inferred that the satisfaction item scale
measures two factors: facility consumption; and facility utility. The
item ‘occupant understanding of how the building operates’ is
cross-loading, and therefore should be removed with future uses
of the satisfaction item scale. Table 12 describes the reﬁned multi-
item satisfaction scale, showing how each item loads on each
factor.4.6. Differences between sample sub-populations
In order to establish norms, an exploratory analysis was
conducted of responses to the satisfaction item scale to investigate
differences between sub-populations deﬁned by the qualifying
questions included in the survey. In all cases the test for signiﬁcant
differences between sub-populations was determined using Krus-
kal–Wallis tests to make multiple comparisons for each item in the
satisfaction scale as independent samples. The ﬁndings, shown in
Tables 13 and 14, are: A 495% two-tailed probability of a signiﬁcant difference in
how occupier satisfaction with their ‘property managers under-
stand(ing) of workplace sustainability needs’ depending on
their contractual arrangements with landlords was observed.
By examining the ranked means, greatest satisfaction was
Table 13
Signiﬁcance of differences between responses to satisfaction scale in sub-populations of qualifying variables (Part 1).
Item EPC source Contractual
arrangement
Working with
manager
Driving actor
Chi-
square
df 2-p
(p)
Chi-
square
df 2-p
(p)
Chi-
square
df 2-p(p) Chi-
square
df 2-p
(p)
Energy performance, as deﬁned by label or certiﬁcate 0.003 1 0.960 2.6 2 0.272 7.273 1 0.007** 2.688 2 0.261
Property environmental performance, as deﬁned by label or certiﬁcate 0.587 1 0.444 3.568 2 0.168 6.348 1 0.012* 3.545 2 0.170
Property environmental performance, as deﬁned by label or certiﬁcate 0.587 1 0.444 3.568 2 0.168 6.348 1 0.012* 3.545 2 0.170
Operational environmental impact 0.006 1 0.936 0.925 2 0.630 2.725 1 0.099 2.584 2 0.275
Running costs 0.475 1 0.491 2.289 2 0.318 0.001 1 0.975 1.289 2 0.525
Conﬁguration 1.254 1 0.263 3.840 2 0.147 1.811 1 0.178 1.174 2 0.556
Indoor environment 0.677 1 0.411 2.154 2 0.341 1.083 1 0.298 1.774 2 0.412
Aesthetic appearance 0.204 1 0.651 0.102 2 0.950 0.665 1 0.415 0.747 2 0.688
Occupant understanding of how the building operates 0.009 1 0.923 1.495 2 0.474 4.126 1 0.042* 0.870 2 0.647
Property managers understand workplace sustainability needs 0.142 1 0.707 6.524 2 0.038* 9.037 1 0.003** 1.602 2 0.449
Functionality 0.000 1 1.000 4.317 2 0.115 2.142 1 0.143 0.148 2 0.929
Location 1.184 1 0.277 3.923 2 0.141 6.668 1 0.010* 0.241 2 0.887
n=number of observations; df=degrees of freedom; 2-p(p)=two-tailed probability of null hypothesis that difference between samples is insigniﬁcant.
Table 14
Signiﬁcance of differences between responses to satisfaction scale in sub-populations of qualifying variables (Part 2).
Item (workplace attribute) Gender Employees in
organisation
Employees in
workplac
Workplace is
organisation HQ
Chi-
Square
df 2-p
(p)
Chi-
Square
df 2-p
(p)
Chi-
Square
df 2-p(p) Chi-
Square
df 2-p
(p)
Energy performance, as deﬁned by label or certiﬁcate 0.926 1 0.336 4.342 4 0.362 6.080 4 0.193 2.670 1 0.102
Property environmental performance, as deﬁned by label or
certiﬁcate
0.017 1 0.895 6.688 4 0.153 9.690 4 0.046* 2.378 1 0.123
Operational environmental impact 2.875 1 0.090 4.026 4 0.402 8.848 4 0.065 0.001 1 0.981
Running costs 0.001 1 0.976 5.337 4 0.254 10.323 4 0.035* 1.330 1 0.249
Conﬁguration 0.606 1 0.436 4.980 4 0.289 10.274 4 0.036* 0.995 1 0.329
Indoor environment 0.229 1 0.632 2.569 4 0.632 5.779 4 0.216 4.898 1 0.027*
Aesthetic appearance 1.410 1 0.235 4.135 4 0.388 1.084 4 0.897 2.190 1 0.139
Occupant understanding of how the building operates 1.102 1 0.294 11.643 4 0.020* 6.738 4 0.150 0.180 1 0.671
Property managers understand workplace sustainability needs 3.389 1 0.066 5.665 4 0.226 7.368 4 0.118 0.233 1 0.629
Functionality 0.031 1 0.859 10.661 4 0.031* 6.050 4 0.195 0.374 1 0.541
Location 3.384 1 0.066 10.434 4 0.034* 14.808 4 0.005** 5.290 1 0.021*
n=number of observations; df=degrees of freedom; 2-p(p)=two-tailed probability of null hypothesis that difference between samples is insigniﬁcant. HQ=headquarters.
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occupier, and multi-tenanted as the least satisfying arrangement. A 495% two-tailed probability that occupant satisfaction with
‘property environmental performance, as deﬁned by label or
certiﬁcate’, ‘occupant understanding of how the building operates’,
and ‘location’ are signiﬁcantly different depending on whether the
respondents organisation is working with their property manager
to improve workplace sustainability was observed. The results also
show a 499% probability that occupant satisfaction with ‘energy
performance, as deﬁned by label or certiﬁcate’, and ‘property
managers understand workplace sustainability needs’ are signiﬁ-
cantly different depending on this qualifying variable. The results show a 495% two-tailed probability that occupant
satisfaction with ‘occupant understanding of how the building
operates’, ‘functionality’, and ‘location’ are signiﬁcantly differ-
ent depending on the number of employees in the respondents
organisation. By examining the ranked means of the results it
seems that satisfaction with workplace location has an inverse
relationship with organisation size. A 495% two-tailed probability that occupant satisfaction with
‘property environmental performance, as deﬁned by label or
certiﬁcate’, ‘running costs’, and ‘conﬁguration’ are signiﬁcantly
different depending on the number of employees in the
respondents workplace was observed. The results also show a
499% probability that occupant satisfaction with ‘location’ issigniﬁcantly different depending on this qualifying variable.
Satisfaction with workplace location has an inverse relationship,
and property environmental performance has a direct relation-
ship with workplace size within this sample. The results show a 495% two-tailed probability that occupant
satisfaction with ‘location’ is signiﬁcantly different depending
on whether the respondents workplaces are the headquarters
of their organisation with reduced satisfaction with location
reported by respondents occupying organisations headquarters. It was found that there was no statistically signiﬁcant difference
between the sub-populations for any item on the scale depend-
ing on whether EPC asset ratings were collected from the survey
responses, or from the Non-Domestic Energy Performance
Register (Landmark Information Group, 2012). There was no
statistically signiﬁcant difference between sub-populations with
or without an actor driving sustainability within respondent
organisations for any item on the scale. The results show that
there was no statistically signiﬁcant difference between male
and female sub-populations for any item on the scale.
4.7. The relationship between EPC asset rating and occupant
satisfaction
The responses to the reﬁned multi-item satisfaction scale can
then be compared with EPC asset ratings to determine their
Fig. 3. Relationship between total satisfaction and facility EPC asset rating. (A box and whisker plot of all complete responses to the reﬁned scale. Higher scores indicate
greater satisfaction. The grey box indicates the interquartile range of responses. The vertical thick black line indicates the median response. The thin horizontal line indicates
the full range of responses. The dashed line is a trend line of best ﬁt.)
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Fig. 3, and clearly demonstrates a trend for buildings exhibiting
better energy performance to be more satisfying for occupants.5. Conclusions and recommendations
The aims of this paper are two-fold: to evaluate how valid EPC’s
are as signals of occupier satisfaction with ofﬁce facilities; and to
understand whether occupant attitudes towards environmental
issues have affected rental values.
To achieve these aims a novel multi-item rating scale has been
developed of workplace satisfaction. On analysis the scale has
been demonstrated to be highly reliable, and through exploratory
factor analysis and comparisons to other measures may be
deemed valid within the survey sample.
Hypothesis 1. ‘EPC asset ratings, as a measure of service perfor-
mance, are associated with occupant satisfaction with energy
performance.’—ConﬁrmedThrough testing for correlations between EPC asset ratings and
survey responses to the satisfaction scale EPC’s have been demon-
strated to not only be valid indicators of occupant satisfaction with
energy performance, but also occupant satisfaction with all ser-
vices that their ofﬁce facility provides within the survey sample.
Hypothesis 2. ‘Rental value is associated with all aspects of facility
satisfaction.’—Rejected.
Through testing for correlations between rental value and the
satisfaction scale rental value was found only to be associated with
occupant satisfaction with facility aesthetics. It may be inferred
that factors external to facility quality, such as agglomeration and
location quality, may be more inﬂuential to rental value. However,
the ﬁndings do indicate that facilities that respondents identiﬁed
as being of the highest quality are not being developed on sites
commanding highest rent.
Hypothesis 3. ‘Rental value is associated with occupant attitudes
towards their facilities environmental performance label, or opera-
tional environmental impact.’—Rejected.
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satisfaction scale there was found to be no evidence to suggest
that occupant perceptions towards the environmental perfor-
mance of facilities have affected rental value. The ﬁndings indicate
that any rental premiums for facilities with high energy perfor-
mance observed from historical UK data would be most likely a
result of associations between rental value and occupant satisfac-
tion with facility aesthetics.
Signiﬁcant differences between the responses of sub-
populations to the satisfaction scale within the survey sample
were identiﬁed using Kruskal–Wallis tests. The analysis suggests
that contractual arrangements between landlord and occupier can
have an effect on occupant satisfaction with their property man-
agers' understanding of their sustainability needs. The least prefer-
able contractual arrangement for occupiers is a multi-tenanted
situation, where the needs of a number of businesses have to be
considered by facilities management. This study also supports the
view that engaged property managers have a better understanding
of occupant needs and are able to provide more satisfying working
environments, particularly in relation to performance measures. In
workplace locations less satisfying for respondents, property man-
agers were less engaged with occupiers. Therefore, it may be
inferred that in situations where occupants and landlords have
stronger ties to each other, occupants are likely to be provided with
a more satisfactory experience in the facilities that they occupy.
This analysis further validates SERVPERF methods. EPC Asset
Ratings were found to not only be associated with reduced costs
and environmental impact, but also to have broader associations
with overall employee satisfaction with the facility in which they
work. Rental value was only associated with occupant satisfaction
with the aesthetic appearance of a facility. Such associations may
confound assertions that the price comparison studies reviewed
by Parkinson & Cooke support the view that a change in occupant
preferences may have been observed with respect to environ-
mental issues (Parkinson and Cooke, 2011). These ﬁndings indicate
that it is more likely that associations between rental value and
aesthetic appearance provide the most valid explanation for these
observed rental premiums.
The analysis shows that EPC asset ratings are associated not
only with occupant satisfaction with consumption in their work-
place, but also utility. Therefore, EPC’s provide simple, clear
information to assist prospective occupiers with understanding
how satisfying a facility will be on occupation. The associations
between these certiﬁcates and overall facility quality mean that
they may constitute a clear reputational risk for landlords seeking
to lease property. Apart from taking measures to improve facility
EPC’s to mitigate such risks landlords can improve tenant satisfac-
tion through actively engaging with their occupier’s to strengthen
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